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(57) Noncombustive method of measuring the calo- 
rific value of fuel gas, wherein 

a) the speed of sound in the gas is determined un- 
der first and under second reference conditions and 
one of the parameters dielectric constant, speed of 
sound under third reference conditions or propor- 
tion of carbon dioxide in the fuel gas is measured 
and 

b) the calorific value is derived from these three pa- 
rameters, wherein the steps a) and b) are preferably 
preceded by a plurality of measurement cycles in 
which step a) is carried out using a plurality of ref- 
erence gases of known calorific value, a number 
corresponding to the number of measurement cy- 
cles of reference signal patterns determined from 
the ratio of the various measurement signals meas- 
ured on the reference gases are stored with assign- 
ment to the known calorific values and the signal 
pattem from a future measurement cycle on fuel 
gas of unknown calorific value is compared with the 
reference signal patterns so as to assign a particu- 
lar calorific value. 
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Description 

[0001] The Invention relates to a noncombustive method of nneasuring the calorific value of fuel gas and to a use of 
the method for the noncombustive measurement and/or regulation of the amount of heat supplied to gas consumption 
s devices, in particular to devices for consumption of natural gas. The noncombustive methods of measuring the calorific 
value or measuring the amount of heat have, compared with calorimetric methods in which controlled combustion of 
a substream of the gas stream being transferred is carried out, the advantage that they are significantly cheaper. 
However, practical implementation is frequently complicated, even without taking account of the difficulties which can 
occur in calibration. 

10 [0002] Noncombustive methods of measurement include indirect and correlative methods. In the indirect methods, 
the gas composition is analysed. The composition of the gas together with the calorific values for the pure substances 
can then be used to determine the calorific value of the fuel gas. These methods (e.g. gas chromatography) give very 
accurate results, but are technically complicated and are therefore not very suitable for use in, for example, domestic 
premises. In addition, they are susceptible to faults. In the correlative methods of measuring the calorific value or the 

IS amount of heat, a relationship between a readily measurable physical or chemical parameter and the calorific value is 
exploited. This makes them technically easier to carry out. but the reproducibility and the accuracy of the measurement 
of the calorific value or of the amount of heat are restricted to an undesirable degree. 

[0003] It is an object of the invention to further reduce the outlay in the correlative noncombustive measurement of 
the calorific value or the measurement and/or regulation of the amount of heat supplied to consuming devices and, in 
20 particular, to provide a reliable and accurate measurement method. This object is achieved according to the invention 
by, in the method mentioned at the outset, 

a) determining the speed of sound in the gas under first and under second reference conditions and measuring 
one of the parameters dielectric constant, speed of sound under third reference conditions or proportion of carbon 

25 dioxide in the fuel gas and 

b) deriving the calorific value from these three parameters. 

[0004] Particularly accurate results can be achieved for fuel gases whose calorific value at STP is from 20 to 48 Mj/ 
mS, whose relative density compared with dry air is from 0.55 to 0.9, whose proportion of carbon dioxide is less than 
30 or equal to 0.3 and whose proportion of hydrogen and carbon monoxide is less than 0.1 and 0.03 respectively. Partic- 
ularly suitable measurement conditions are temperatures in the range from 225 to 350 K and pressures of less than 
or equal to 60 MPa. 

[0005] The first reference conditions set are preferably STP (273. 1 5 K and 1 bar) or a pressure of from 1 to 1 0 bar, 
more preferably from 3 to 7 bar Although the temperature is not very critical and can be selected within a wide range, 

3S for technical reasons the temperature is above 225 K, for example from 270 K to 295 K. For the second reference 
conditions, a pressure of above 30 bar is preferably set. Although the temperature is not very critical and can be selected 
within a wide range, for technical reasons the temperature is from 225 K to 350 K. Greatest preference is given to the 
operating conditions for this parameter. The preferred values for the third reference conditions are a pressure of over 
150 bar, more preferably over 175 bar, for example 200 bar When using a third reference condition, the pressure of 

40 the second reference condition should preferably be set below 70 bar 

[0006] The speed of sound at the reference conditions mentioned. Including operating conditions, can be determined 
in a separate measuring unit, for example via the resonant frequency of pipes or of hollow bodies or a distance travelled- 
time measurement, e.g. in ultrasound meters. The dielectric constant can be measured inexpensively and with high 
accuracy even under operating conditions. The proportion of carbon dioxide is simple to determine under all conditions 

45 mentioned using known measuring instruments, e.g. by measurement of the light absorption in the Infrared region. 
[0007] Consequently, the three measurements required in each case can be carried out without great technical outlay, 
reliably and accurately so that the combination of the measured values gives corresponding results for the calorific 
value. The calorific value determined In this way can be used, for example, for controlling combustion processes. 
[0008] Depending on the application . it is possible to determine the calorific value on a volume basis under reference 

so or operating conditions, the specific calorific value (on a mass basis) or the molar calorific value. There are a total of 
three variations of the method of the invention for measuring the calorific value of fuel gas. 
[0009] In all three variants, the speed of sound is determined under first and under second reference conditions. 
[0010] In the first variant, the speed of sound is additionally measured under third reference conditions. The deter- 
mination of two and, in this first variant, even three speeds of sound has the advantage that all measurements can be 

ss carried out in one measuring apparatus. The pressure in the apparatus can be varied by compressing the measurement 
volume or allowing it to expand. On compression or expansion, the temperature of the fuel gas also changes, which 
can make the setting of altered reference conditions easier If desired, the measuring apparatus for determining the 
speeds of sound can be provided with additional means of setting an altered temperature. 
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[0011] In the second variant, not only are the two speeds of sound measured but the dielectric constant is also 
measured, preferably at a pressure of at least 1 0 bar to achieve high accuracy, e.g. under second reference conditions, 
e.g. operating conditions. 

[0012] In the third variant, the proportion of carbon dioxide in the fuel gas Is determined in addition to the two speeds 



[0013] The determination of the dielectric constant and the proportion of carbon dioxide can be carried out in the 
same measuring environment as that in which the speeds of sound are determined. This nriakes a very compact meas- 
uring apparatus possible. 

[0014] Advantageously, the speed of sound is measured under second reference conditions and the dielectric con- 
to stant or the proportion of carbon dioxide are measured under the same reference conditions, preferably under operating 
conditions, In a joint measuring environment. This makes only one temperature and pressure measurement and con- 
sequently only one thermostat necessary for setting and maintaining the reference conditions. In addition, uniform 
reference conditions for the different measurements increase the accuracy to which the amount of heat supplied can 
be determined. 

IS [0015] The determination of at least two speeds of sound offers the further advantage that it is not necessary to 
determine the density of the fuel gas. Density measurements are, particularly under operating conditions, expensive 
and complicated. In the method according to the invention, preference is given to not carrying out any additional density 
measurement, particularly when the proportion of carbon dioxide is determined as a third parameter. 
[0016] To establish the reference conditions, the parameters temperature and pressure are required. These can be 

20 additionally measured in step a). If a lower measurement accuracy is permissible, the values estimated from practice 
can also be used for these parameters. The measurement accuracy can be further increased by additionally determining 
the proportion of nitrogen In step a). 

[0017] To find a suitable correlation between the measured parameters and the calorific value, it is advantageous to 
precede the respective steps a) and b) at least once by a plurality of measurement cycles in which step a) is carried 

25 out using a plurality of reference gases of known calorific value. The parameters required for the various variants of 
the method are then measured on the reference gas. In these reference cycles, a number corresponding to the number 
of measurement cycles of reference signal patterns determined from the ratio of the various signals measured are 
stored with assignment to the known calorific values. The signal pattern from a future measurement cycle on fuel gas 
of unknown calorific value is compared with the reference signal patterns so as to assign a particular calorific value. 

30 [0018] To increase the reference accuracy, many reference cycles in which the various parameters are varied In 
succession over the expected measurement range should be carried out. An unambiguous and accurate assignment 
of a particular calorific value to a signal pattern of a fuel gas determined in a measurement cycle is achieved by inter- 
polatk>n of the various reference signal pattems. 

[0019] A significant advantage is that the correlation between calorific value and measured parameters only has to 
35 be found once for a specific application by means of any desired number of reference cycles. The one-off outlay is 
comparatively low. The reference conditions should here be selected so as to correspond as closely as possible to the 
measurement conditions expected later. Thus, for all parameters only the measurement ranges which actually come 
into question should be determined with sufficient accuracy as reference signal patterns. 

[0020] If the composition of the fuel gas may display greater variations, it is generally necessary to determine more 
40 reference signal patterns. An additional advantage of the choice of speeds of sound as the parameters to be determined 
in the method of the invention is that a great amount of data in respect of the dependence of the gas composition on 
the speed of sound is already available and that, furthermore, these data can readily be determined experimentally 
Use of these data which are already available thus makes it possible to calculate the calorific value and speeds of 
sound as a function of the gas composition In the relevant range. These data can thus be used for calculating the 
45 calorific value from the measured parameters. 

[0021] A preferred embodiment of the invention is characterized in that, for the purposes of the calculation of the 
calorific value, the respective proportion of a specified number of alkanes, including methane, is determined by deter- 
mining the proportion of the individual alkanes, excluding methane, with the aid in each case of an associated function 
dependent on a selected physical property preferably the molar calorific value, of the sum of the specified alkanes 
so and in that the proportion of methane is determined from the difference between the proportion of the sum of the 
specified alkanes and the sum of the proportions of the alkanes determined by means of the functions. 
[0022] As specified alkanes, all alkanes which are actually present In the fuel gas should, If possible, be selected 
and specified. 

[0023] It has been found that the proportions of the alkanes in natural fuel gases are always In a particular ratio to 
S5 one another which depends only on a physical property, e.g. the molar calorific value, of the sum of the specified 
alkanes. This is obviously attributable to the fact that natural gases in the form in which they occur have always gone 
through an equilibrium phase in which their gaseous or liquid phases have been in equilibrium with one another. How- 
ever, the method Is not restricted to natural fuel gases, either with or without addition of coal gas. For synthetic gases 
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containing added substances or for gas mixtures having nnany components, the uncertainty in the determination of the 
gas composition is merely somewhat greater. 

[0024] The molar calorific value of the sum of the specified alkanes can in turn be determined, for example, with the 
aid of reference signal cycles. Since the composition of the reference gases is known, their molar calorific value of the 

5 sum of the specified alkanes is also known. Consequently, from the ratio of the signals measured on the reference 
gases, a number corresponding to the number of reference measurement cycles of reference signal patterns can be 
stored with assignment to the known molar calorific values of the sum of the specified alkanes. In a future measurement 
cycle, the molar calorific value of the sum of the specified alkanes in the fuel gas can be determined merely by com- 
parison of the signals measured with the stored reference signal patterns. 

10 [0025] As functions for determining the proportions of the individual alkanes with the exception of methane, use can 
advantageously be made of polynomials, preferably of second order. 

[0026] In a preferred illustrative embodiment, the proportions of methane, ethane, propane, isobutane, n-butane, 
isopentane, n-pentane, hexane, heptane and octane are determined with the aid of the functions. It has been found 
that the proportion of all further hydrocarbons can be ignored, particularly in the case of natural fuel gas. The relationship 
15 between the molar calorific value and the sum of the specified alkanes is in this case, e.g.: 

2 

^C2H6 = 1^1 ('^CH * •^cm) Pi (^CH " "^cm) 1 ^CH 

20 2 

^C3H8 [«2 (*^CH ' *^CH4) + P2 C^CH ^ ^Cm) 1 C 2) 

2 

^i-c4Hio = [^3 C^CH ■ ^cm) + Pa C^ch ' ^cm) 1 ^ch 0-^) 

^n-C4H10 = 1^4 e^CH ' ^CH4) + p4 (*^CH " ^CH4) 1 ^CH 

30 X|.C5H12 = [«S (^CH ' ^Cm) + Ps (*^CH " ^Cm^^ ^GH -5) 

2 

^n-CSH12 = [**6 (^^CH ' *^CH4) + Ps (*^CH ' •^CH4) 1 ^CH 
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2 

^n-C6Hl4 = (^^CH * ^CH4) + P? ^^CH ' ^OHa) 1 ^CH 

^n.C7H16 = [°^8 ('^CH ' ^CH4) Ps (*^CH ' *^CH4)^1 ^CH -S) 

2 

^n-C8Hl8 = ["9 ('^CH " *^CH4) P9 C^CH " *^CH4) ' ^CH t'' 

[0027] Here, Oj and Pj are constants and Hqh4 is the molar calorific value of methane. The variable Hch is the molar 
calorific value of the sum of the specified alkanes (H^h = ^ ^h.i'^chj)* proportion of methane is in this case 
determined as follows: 

^CH4 = ^CH ■ (^C2H6 ^C3H8 ^l-C4H10 ^n-C4H10 
^i-C5H12 ^n-C5Hl2 ^n-C6H14 ^n-C7H16 ^n-CBHIs) 

[0028] An embodiment of the invention is characterized in that the steps a) and b) are preceded by a plurality of 

measurement cycles in which step a) is carried out using a plurality of reference gases whose composition and whose 
selected physical property of the sum of the specified alkanes are known, in that the constants, e.g. coefficients, of the 
functions describing the proportion of the alkanes excluding methane are determined from the signals measured on 
the reference gases, in that the constants of the functions are stored with assignment to the respective alkanes and 
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in that the proportion of the aikanes excluding methane is determined from a future measurement cycle on fuel gas of 
unknown composition with the aid of the functions. 

[0029] In this way, the constants Oj and ft can be found with the aid of only two reference cycles for all natural gases. 
To increase the measurement accuracy, any number of reference cycles can be carried out. Even in the case of a large 
number of reference cycles, the outlay remains comparatively low since the constants and Pj only have to be deter- 
mined once. 

[0030] The proportion of the sum of the aikanes in the fuel gas can be determined with the assumption that the fuel 
gas consists only of a specified number of aikanes, nitrogen and carbon dioxide. The associated equations therefore 
have the form: 

^CH " ^ " ^H2 " ^002 f*^) 

[0031] Here, Xf^2 ^02 proportions of nitrogen and carbon dioxide, respectively 

IS [0032] To increase the measurement accuracy, it can alternatively be assumed that the fuel gas additionally contains 
hydrogen and/or carbon monoxide. If both the proportion of hydrogen and the proportion of carbon monoxide are taken 
into account, equation (3) becomes: 
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^CH - ^ " ^H2 ■ ^002 ■ ^H2 ' (^') 

[0033] A preferred illustrative embodiment is characterized in that the speeds of sound under three different condi- 
tions can be derived from the gas composition. These speeds of sound can be calculated in a simple way from the 
composition of the gas by means of an equation of state such as the AGA^ equation frequently used for gas. 

^j.calc = ^(P|' ^i' ^CH4' ' • ^n-C8H18' ^C02' ^N2) 

[0034] An example of an embodiment of the invention is characterized in that values for the speed of sound under 
three different conditions are derived from the composition of the fuel gas, in that the difference between the derived 
and the measured value of the speeds of sound is formed, in that, if the difference exceeds a specified threshold value, 
the proportion of at least one of the components of the fuel gas to be determined is altered, in that the composition is 
recalculated on the basis of the altered value or values, the values of the selected parameters are recalculated and 
the difference between these and the measured values is determined and in that the latter two steps are repeated until 
the difference lies below the threshold value. 

[0035] It has been found that the gas composition can be determined particularly quickly in this way If all 1 4 equations 
given above (1.1 to 4) are to be taken into account, these contain up to 14 unknowns, namely X^h. Xch4, Xc2H6' 
Xc3H8' • ^-C8Hi9' caic» W2,caic» ^a.caic- these 14 equations, one or more values, e.g. the three speeds 

of sound mentioned, can be derived and compared with the corresponding measured value. 
[0036] An advantage of the method of the invention is that not only can the calorific value be determined, but other 
important properties of the gas such as the real gas factor, the density, the speed of sound, the enthalpy, the methane 
number or the Wobbe index of the fuel gas can be calculated from the composition. 

[0037] The physical parameters determined using the method of the invention are essentially as good as those 
determined by means of gas chromatography According to the invention, only three measured parameters, e.g. two 
speeds of sound and the dielectric constant, are sufficient to carry out many process engineering calculations. Firstly 
changes of state in gas reservoirs or storage volumes can be determined. In addition, the relevant gas transport data, 
e.g. temperature or pressure drop, can be determined. For vehicles powered by natural gas, the required design of 
gas filling stations can be calculated. 

[0038] Fill level measurements can be checked and designed using the method of the invention. 

[0039] In connection with heat exchangers too, the Invention Is of great advantage. The design of heat exchangers 

can be calculated using the method of the invention. 

[0040] Performance measurements on heat exchangers can be evaluated using the method. Finally, compressor 
characteristics and compressor performance can be determined using the method of the invention. 
[0041] In all the abovementioned applications, expensive gas-chromatographic analyses have previously been nec- 
essary. 

[0042] The methane number, too, can be determined using the method of the invention. If the gas property data 
which were originally measured for charging purposes are used as input measurement signals for the method of the 
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invention, the nnethane number can be calculated to essentially the same accuracy as when using a gas chromatograph. 
The deviation of the methane numbers is less than 2%. 

[0043] When using the gas property data measured for charging purposes or when using supply network simulations, 
fuel gas customers can be informed at any time about current and possibly future fluctuations in the methane number 
5 without additional measurements. The gas transport network can also be controlled more flexibly without additional 

cost. 

[0044] Further advantageous embodiments of the invention are characterized in the subclaims. 
[0045] In the following, the use of the novel noncombustive method of measuring and/or regulating the amount of 
heat supplied to gas consumption devices is illustrated by means of the illustrative embodiments shown in the drawing. 
10 In the drawing: 

Fig. 1 shows a graph in which the mole fraction of ethane and propane for various gases is plotted against the 
molar calorific value of the sum of the hydrocarbons; 

Fig. 2A and Fig. 2B show a flow diagram for the detenmination of the gas composition according to an illustrative 
IS embodiment of the method of the invention; 

Fig. 3 shows a schematic view of an arrangement for carrying out a first illustrative embodiment of the use according 
to the invention of the method of measuring the calorific value; 

Fig. 4 shows a schematic view of an arrangement for carrying out a second illustrative embodiment of the use 
according to the invention; 

20 Fig. 5 shows a schematic view of an arrangement for carrying out a third Illustrative embodiment of the use ac- 

cording to the invention; and 

[0046] Fig. 6 shows a schematic view of an arrangement for carrying out a fourth illustrative embodiment of the use 
according to the Invention. 

25 [0047] In Fig. 1 , the molar calorific value of the sum of the alkanes (Hch) is plotted on the x axis and the mole fraction 
of ethane (CgHe) and propane (C3H8) is plotted on the y axis. The corresponding values were determined for various 
natural gases and plotted. The proportion of both ethane and of propane was approximated by a 2nd order polynomial. 
As Fig. 1 shows, both the proportion of ethane and that of propane can be approximated surprisingly well by a 2nd 
order polynomial dependent on the molar calorific value of the sum of the alkanes. The same applies to the further 

30 alkanes up to octane. The measured values for these alkanes are, for reasons of clarity, not shown in Fig. 1 . 

[0048] Fig. 2A and 2B show a flow diagram for the determination of the gas composition according to a preferred 
illustrative embodiment. 

[0049] In step 1 , three speeds of sound are measured, each under different conditions. Of the conditions, the pressure 
is set in each case and the temperature can be set or the measurement can take place at the temperature which is 
3S established after a possible pressure change. The actual pressure and the temperature for each measurement are 
measured. 

[0050] In step 2, starting values for the molar calorific value of the sum of the alkanes (Hch). proportion of nitrogen 
X|sj2 and the proportion of carbon dioxide Xqq^ determined. For the starting values, it is also possible to use the 
data for pure methane, i.e. = 0, X|sj2 = 0 and Hq^ ^cH4- practice, good results are achieved using these 
^0 starting values. 

[0051] Using the starting values for the proportion of nitrogen and the proportion of carbon dioxide, the proportion 

of the sum of the alkanes Xq^ Is then determined in step 3. 

[0052] In step 4, the proportion of the alkanes excluding methane is then determined with the aid of the molar calorific 
value of the sum of the alkanes Hch equations (1.1) to (1.9). Subsequently, the proportion of methane Xch4 

4S is determined using equation (2). With the aid of an equation of state, values for the speed of sound under the same 
conditions as for the values measured in step 1 are then calculated in step 5 from the calculated composition of the 
gas. This can be done, for example, with the aid of the known AGA8-DC92 equation of state. 
[0053] In step 6, a check is made as to whether the absolute value of the difference between the calculated values 
of the speed of sound W-, ^^1^. W2 ^ai^, Ws ^ajc and the values w^, W2, W3 measured in step 1 is, for each value, less 

so than the threshold value which has been laid down as 10"^. If not, the procedure is continued from step 6. 

[0054] In steps 7 to 1 1 , the sensitivity of the input parameters X^^, Xco2 *^ch 's determined. For this purpose, 
values for AX|sj2, AXco2 ^^ch are first laid down in step 7. Good results are achieved using 0.1 mol% for AX|g2 
and AXco2 and 1 .0 MJ/mol for AHch- 

[0055] In step 8, the sum of the alkanes X'ch 's calculated from the new values of the proportion of carbon dioxide 
55 X'co2 and the proportion of nitrogen X'|sj2 using equation (3). 

[0056] Subsequently, in step 9, the proportion of alkanes excluding methane is determined using the new sum of 
the alkanes X'ch and the new molar calorific value of the sum of the alkanes H'ch and the equations (1 .1 ) to (1 .9) and, 
finally, the proportion of methane Xch4 is calculated by means of equation (2). 
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[0057] In step 10, the values of the speed of sound are determined under the three different conditions employed in 
step 1 . Here, only one of the three input parameters is varied in each case. After completion of step 10, values for the 
speed of sound as a function of X'co2' ^'n2 ch ^^^e thus been obtained for each condition. 
[0058] Subsequently, the partial derivatives are determined in step 11 . For this purpose, the change in the speed of 
5 sound as a function of one of the input parameters Is first determined. For this purpose, the difference between the 
values of the speed of sound calculated in step 10, with one of the input parameters being changed slightly, and the 
value calculated in step 5 is determined. The partial derivative can now be calculated in a simple way from the quotient 
of the abovementioned change in the speed of sound and the change in the input parameter concerned laid down in 
step 6. 

10 [0059] In step 12, generally valid equations for describing the translation of changes in the input parameters into an 
output parameter are provided. After input of the values of the partial derivatives calculated in step 10 and the deviation 
in the output parameters calculated in step 6, the system of linear equations can be solved for the parameters X|s,2, 
Xco2 *^CH '^y 'TiQsns of generally known mathematical techniques. The result Is estimates of the required changes 
in the parameters X|M2, X^oa ^ch- 

15 [0060] In step 1 3, the new values for the proportion of nitrogen X|sj2, the proportion of cartoon dioxide Xco2 

molar calorific value of the sum of the specified aikanes HCH are laid down afresh by simply adding the deviations In 
these three parameters calculated in step 12 to the previous values. 

[0061] Steps 3 to 6 are then repeated using the freshly laid down value for the proportion of nitrogen. If, in step 6, 
the threshold values of Aw-,, AW2 and/or AW3 are again exceeded, steps 7 to 13 and 3 to 6 are carried out once again. 
20 Only when Aw^ . AW2 and AW3 are below the threshold value of 1 0*^ in step 6 are the proportions of the aikanes and 
the proportion of nitrogen established to the desired degree of accuracy. 

[0062] in this latter case, all desired gas parameters are then calculated in steps 14 and 15. This is done with the 
aid of the known ISO 6976 and ISO 12213. 

[0063] The method described can be carried out analogously for the combinations of two speeds of sound with the 

25 dielectric constant of the fuel gas or with the proportion of carbon dioxide in the fuel gas. 

[0064] The object of the invention is also achieved by the use of the novel noncombustive method of measuring and/ 
or regulating the amount of heat supplied to gas consumption devices, in particular to devices for consumption of 
natural gas, wherein, in step a), the fuel gas or a substream of the fuel gas is additionally passed through a volume or 
mass meter and the volume or the mass of the fuel gas supplied is measured. 

30 [0065] For the purposes of the present inventbn, gas consumption devices are all necessary devices for the use of 
gas on the premises of private and industrial customers and also all transfer points or the like. 
[0066] According to the invention, It is possible, for example, for the amount of heat supplied to domestic premises 
to be derived from only four parameters, viz. firstly the volume or the mass, secondly two speeds of sound and thirdly 
the dielectric constant or a third speed of sound or the proportion of carbon dioxide under the abovementioned condl* 

35 tions. The technical outlay and the costs for this are minimal. 

[0067] To increase the accuracy, it is possible, as In the measurement of the calorific value, to determine as many 
further parameters as desired. For applications in which particularly high measurement accuracies are required, e.g. 
for detemninlng the amount of heat supplied at transfer points of main transport lines having a high gas throughput, it 
Is advantageous to measure the pressure, the temperature and the proportion of nitrogen in addition to the above three 

40 parameters. When a lower measurement accuracy is permissible, estimated values can also be used for these param- 
eters. 

[0068] Fig. 3 shows a fuel gas line 1 in which a gas meter 3 is located. In addition, two measurement points 5 and 
6 are located in the fuel gas line 1. Measurement point 5 is provided with a temperature sensor 7 and measurement 
point 6 is provided with a pressure sensor 8. Furthermore, three offtake points 9, 11 and 13 are provided in the fuel 
45 gas line. Offtake point 9 is connected via a pressure-reducing valve 15 to a measuring apparatus for measuring the 
speed of sound under first reference conditions 1 7. Offtake point 1 1 is connected via a pressure-reducing valve 1 9 to 
a measuring apparatus for measuring the proportion of carbon dioxide 21 . Offtake point 1 3 is connected to a measuring 
apparatus for measuring the speed of sound under operating conditions 23. 

[0069] In the operating state, the gas meter 3 measures the volume flow and the time and, from this, calculates the 
so volume of the fuel gas supplied. The temperature sensor 7 measures the temperature and the pressure sensor 8 
measures the pressure in the fuel gas line 1 . 

[0070] The signal outputs of the temperature sensor 7, the pressure sensor 8 and the measuring apparatus 17, 21 
and 23 are connected to the inputs of a correlation translator 25 for the correlative determination of the calorific value 
Hsvb' either directly from the measured parameters or by means of the above-des(::ribed iterative method. 
55 [0071] The output of this correlation translator and the signal output of the gas meter 3 are connected to the inputs 
of the energy translator 27. Subsequently, the energy translator 27 calculates the amount of heat Q by multiplication 
of the calorific value Nqv^ with the volume under operating conditions V5. In the practical configuration, correlation 
translation and energy translation are integrated as successive programme steps in a computer. 
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[0072] Fig. 4 shows an arrangement for carrying out a second illustrative embodiment of the invention. The arrange- 
ment in Fig. 4 differs from the arrangement in Fig. 3 in that both speeds of sound are measured in a measuring apparatus 
29 for measuring the speed of sound. The fuel gas is fed directly without a pressure reduction to the measuring appa- 
ratus 29 so that the speed of sound can be measured directly under operating conditions. Measuring apparatus 29 Is 
s provided with a means for increasing or lowering the pressure to the range of the first or second reference conditions. 
The measuring apparatus 29 is connected via a gas line to a measuring apparatus 21 for determining the proportion 
of carbon dioxide. 

[0073] In this illustrative embodiment, the amount of heat is calculated by the energy translator 27 via the correlation 
translator 25, as in the first illustrative embodiment, on the basis of the volume, the temperature and the pressure under 

10 operating conditions, the speed of sound under first reference conditions, the speed of sound under operating conditions 
and the proportion of carbon dioxide. Since in both the illustrative embodiments shown in Fig. 3 and Fig. 4 the measuring 
apparatus for the speed of sound and the proportion of carbon dioxide are located outside the fuel gas line, maintenance 
of these apparatus and any repair can be carried out without any particular technical difficulty. In addition, only com- 
paratively few reference cycles are required, since the speeds of sound are measured under specified conditions. 

IS There is thus a direct correlation between a change in the speeds of sound and a change in the gas composition. 
[0074] The illustrative embodiment shown in Fig. 4 can be realised particularly inexpensively since the speed of 
sound is simpler and more convenient to measure than the density of the fuel gas as is determined in most l<nown 
methods. 

[0075] Fig. 5 schematically shows a third illustrative embodiment of the invention. The arrangement differs from the 

20 arrangement shown in Fig. 4 in that a mass meter 31 for measuring the mass of the fuel gas supplied is provided in 
place of the volume meter and in that a measuring apparatus for determining the dielectric constant 33 is provided in 
place of a measuring apparatus for determining the proportbn of carbon dioxide. In addition, the measuring apparatus 
for the dielectric constant measurement 33 and for measuring the speed of sound under operating conditions 23 are 
arranged in a joint measurement environment 39. Furthermore, a separate offtake point 35 is assigned to the measuring 

25 apparatus for determining the speed of sound under first reference conditions 37. 

[0076] The correlation translator 41 first calculates the calorific value H^f^ by correlation. Subsequently, the energy 
translator 43 calculates the amount of heat Q by multiplication of the calorific value Hsm with the mass m. 
[0077] In the fourth illustrative embodiment of the invention shown in Fig. 6, only one measuring apparatus 45 is 
provided for measuring the speed of sound. In this measuring apparatus, the speed of sound under operating conditions 

30 47 is detemilned first and the speed of sound under first and third reference conditions, 49 and 51 respectively, is then 
measured by setting the desired pressure values. The remainder of the determination proceeds as in the previous 
illustrative embodiments by means of the correlation translator 53 and energy translator 55. 
[0078] All illustrative embodiments have the advantage that it is not necessary to carry out measurements of the 
speed of sound In order to determine the amount of heat reliably because the necessary data can be derived from the 

35 known relationships between the gas composition and the speed of sound. These known data can be utilized to derive 
the calorific value from the speed of sound. Furthermore, the joint measurement environment for the dielectric meas- 
urement and the measurement of the proportion of carbon dioxide and the measurements of the speed of sound has 
the advantage that only one pressure and temperature measurement is required in addition to the pressure and tem- 
perature measurement in the fuel gas line. The third illustrative embodiment has a particularly high accuracy In the 

40 determination of the amount of heat and is therefore particularly advantageous. It is also possible to locate some of 
the apparatus for determining the parameters under operating conditions inside the fuel gas line. 



Claims 

45 

1. Noncombustive method of measuring the calorific value of fuel gas, wherein 

a) the speed of sound in the gas is determined under first and under second reference conditions and one of 
the parameters dielectric constant, speed of sound under third reference conditions or proportion of carbon 

so dioxide in the fuel gas is measured and 

b) the calorific value is derived from these three parameters. 

2. Method according to Claim 1 , characterized in that the dielectric constant or the proportion of carbon dioxide and 
at least one value for the speed of sound are measured in a joint measuring environment. 

55 

3. Method according to Claim 1 or 2, characterized in that the first reference conditions set for the measurement of 
the speed of sound are a pressure of from 1 to 10 bar and a temperature above 225 K. 
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4. Method according to any of Claims 1 to 3. characterized in that the second reference conditions set for the meas- 
urennent of the speed of sound are a pressure above 30 bar and a temperature of from 225 K to 350 K. 

5. Method according to any of Claims 1 to 4. characterized in that the third reference conditions set for the measure- 
5 ment of the speed of sound are a pressure of from 175 to 225 bar and a temperature of from 225 K to 350 K, in 

which case the pressure set in the measurement under second reference conditions is below 70 bar. 

6. Method according to any of Claims 1 to 5, characterized in that the second reference conditions set are operating 
conditions. 

10 

7. Method according to any of Claims 1 to 6, characterized in that, in step a), at least one of the parameters temper- 
ature, pressure or proportion of nitrogen is additbnally measured. 

8. Method according to any of Claims 1 -7. characterized in that a substream of the fuel gas Is taken off for the meas- 
iB urement of one of the speeds of sound and in that the measurement of the proportion of carbon dioxide is carried 

out on this substream. 

9. Method according to any of Claims 1 to 8, characterized in that the steps a) and b) are preceded by a plurality of 
measurement cycles In which step a) Is carried out using a plurality of reference gases of known calorific value, 

20 in that a number corresponding to the number of measurement cycles of reference signal patterns determined 

from the ratio of the various measurement signals measured on the reference gases are stored with assignment 
to the known calorific values, and In that the signal pattern from a future measurement cycle on fuel gas of unknown 
calorific value is compared with the reference signal patterns so as to assign a particular calorific value. 

25 10. Use of the method according to any of Claims 1 to 9 for the noncombustive measurement and/or regulation of the 
amount of heat supplied to gas consumption devices, in particular to devices for consumption of natural gas, 
wherein, in step a), the fuel gas or a substream of the fuel gas Is additionally passed through a volume or mass 
meter and the volume or the mass of the fuel gas supplied Is measured. 

30 
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